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Nowadays biosorption technology is primarily used as a potent tool for solving the environmental pollution, as compared 
to conventional methods because of its low cost, and environmental safety. It is not associated with secondary pollutions 
during its operation. The present study is based on checking the capacity of live and pretreated biomass of Aspergillus 
species for the biosorption of lead metal ions. Among the five species tested, the best results were obtained for A. niger. 
While the minimum and maximum removals of lead metal ion by live A. niger biomass were 3.84 and 16.42 mg/g at 2 mM 
and 9 mM concentration respectively, it was increased to 31.25 and 48.44 mg/g respectively at same base concentration for 
pretreated biomass. Overall, it was observed that pretreated alkali biomass of test fungal species is a potent biosorbent for 
the metal ions. 
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Introduction 
Environmental pollution is the pollution of air, soil, 
and water. One such example of environmental 
pollution is the presence of a higher level of heavy 
metal ions.
1,2
 Metals that have a high atomic number, 
atomic weight and relatively high density ranging 
from 3.7–7 g/cm
3
 are termed as heavy metals, and 
these metal ions are the major pollutants of the 
aquatic system and soils.
3
 Arsenic, cobalt, cadmium, 
chromium, iron, lead, manganese, mercury, nickel, 
and zinc are the common toxic metal ions that are 
directly related to the health of living components of 
the environment
4
 and created a poisonous effect on 
the living being.
5
 Heavy metals are not biodegraded, 
remains in the environment due to their chemical 
persistence and hence, continuously biomagnified into 
the food chains.
6
 Industrial wastes, domestic 
wastewater and stormwater runoff from urban areas, 
the metal content of agricultural runoff and fossil fuel 
combustion, chemical processing and extensive use of 
fertilizers are the primary artificial source of these 
heavy metal pollutions.
7
 Therefore, the present study 
was undertaken to determine the biosorption potential 
of alkali pretreated fungal biomass for the removal 
and detoxification of lead metal ions. 
 
Materials and Methods 
 
Isolation and identification of fungi  
For the separation, soil samples (1 kg) were 
collected into sterilized polythene bags from the 
agricultural fields irrigated with untreated wastewater 
and were taken into the laboratory for 
experimentation. The Serial dilution plate method
8
 
was used to isolate the fungi from soil samples. Soil 
sample weighing 20 g was placed in 200 ml sterilized 
distilled water for 15–20 minutes to get a stock 
solution of 1:10 dilution. 10 ml from this solution 
then transferred into a conical flask containing 90 ml 
of sterilized distilled water to get a suspension of 
1:100 dilutions. This procedure was repeated to 
prepare serial dilution of 1: 1000 and 1: 10,000. The 
suspension of 1:10 dilution was discarded. Aliquots 
measuring 1 ml from the suspension of each of the 
remaining three dilutions, i.e., 1:100, 1:1000, 1:10000 
were transferred to each of a set of three Petri dishes 
containing 20 ml sterilized and cooled PDA medium. 
—————— 
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Four concentrations (3 mM, 5 mM, 7 mM, and 9 mM) 
of lead nitrate supplemented in the PDA medium was 
poured in sterilized Petri dishes. After that mycelial 
disc of 6 mm diameter of each of the four Aspergillus 
sp. were centrally inoculated and then incubated at 
room temperature for six-seven days.  
 
Estimation of the lead tolerance potential 
For the estimation of the lead tolerance potential, 
medium without lead nitrate served as control. The 
decrease in radial growth was used as a parameter to 
examine metal tolerance Also, TI (tolerance index) 
was calculated to compare the metal tolerance 
capacity of each species of test fungi as the ratio of 
rate of radial growth in the metal treatment to the rate 
of radial growth in the control.  
 
Biosorbent preparation and experiment 
Six mm mycelial disc of each fungal sp. was 
transferred to the medium. Live biomass (50 g) was 
treated with NaOH (0.5 N) for 30 minutes and then 
washed with sterilized distilled water. Alkali 
pretreated biomass was then dried in a hot air oven 
and then powdered by mortar and pestle. Live and 
alkali pretreated biomass of each of the four-test 
fungal spp. was injected at the rate of 0.1g per 100 ml 
solution containing 3 mM, 5 mM, 7 mM, and 9 mM 
of lead nitrate. After centrifugation (at 10,000 rpm for 
about 15–20 minutes) of the metal solution, the 
content of the supernatant was examined by the AAS 
(atomic absorption spectrophotometer). 
Following equation was used for the calculation of 
biosorption efficiency and amount of metal ion 
adsorbed by biosorbent: 
Q =  Ci− Cf V/M 
Where, 
Q is the uptake capacity of metal ion (mg/g), 
Ci is the initial concentration of metal (mg/g), 
Cf is the final concentration of metal in solution 
(mg/g), 
M is the dry wt. of the biomass (biosorbent) (g), and 
V is the volume of the solution (lt) 
 
Results and Discussion 
Total of sixteen fungal species were isolated  
from the metal contaminated soil samples by dilution 
plate method (Table 1). Out of the sixteen, one 
species of Cladosporium cladosporioides, Dactylium 
dendroides, Melanospora lagenaria, Penicillium, two 
species of Fusarium, Trichoderma, and seven species 
of Aspergillius were reported. From this study it was 
found that Aspergillus sp. were present in large 
number in the contaminated soils, similar to results of 
other workers.
9–11
 Solat et al.
12
 reported that NaOH 
pretreated biomass of Aspergillus niger was quite 
useful material for the biosorption of uranium. Javid 
et al.
13
 found that the pretreated biomass of 
Aspergillus niger effectively adsorbed copper and 
nickel from aqueous solution. Several species of 
Aspergillus have biosorption potential for the removal 
and detoxification of metal ions.
14–16
 
Present work was focused on the biosorption 
capability of five species of Aspergillus for the 
sorption of lead metal ions. In this study, metal 
tolerance of Aspergillus species was investigated at 3 
mM, 5 mM, 7 mM, and 9 mM concentration of lead 
nitrate solution. At the 3 mM, 5 mM and 7 mM 
concentration of the metal solution, fungal growth 
was observed, but no fungal growth was noticed at the 
9 mM concentration. It was found that fungal colonies 
could not tolerate and survive at higher concentration 
of the metal solution because of the increasing 
toxicity of lead nitrate solution. The tolerant indices 
of test fungal species are shown in Table 2. The metal 
tolerant index of Aspergillus flavus and A. sulphureus 
was found to be similar, i.e., 0.6 at the 3 mM 
concentration of metallic solution. The lead tolerant 
index was 0.7, 0.5 and 0.9 for A. japonicus, A. 
nidulans and A. niger, respectively. The tolerance 
index for A. flavus and A. sulphureus decreases, but 
the similarity was observed, i.e., 0.5 and 0.5 at  
5 mM concentration. Tolerance index of 0.6, 0.4, and 
0.7 was observed respectively for A. japonicas,  
A. nidulans and A. niger at 5 mM concentration of 
Table 1 — List of the fungal species isolated from the soil 
samples by dilution plate method. 
Sr. no. Fungal species 
1. Aspergillus flavus 
2. Aspergillus fumigatus 
3. Aspergillus japonicus 
4. Aspergillus nidulans 
5. Aspergillus niger 
6. Aspergillus sulphureus 
7. Aspergillus terreus 
8. Cladosporium cladosporoides 
9. Dactyliumdendroides 
10. Fusarium nivale 
11. Fusarium sp. 
12. Melanosporalageneria 
13. Penicillium sp. 
14. Trichodermaviride 
15. Trichoderma lignorum 
16. Dark brown mycelium 




lead nitrate. Also, the tolerance index for A. niger  
was 0.5 at 7 mm concentration while for A. flavus and 
A. sulphureus it was a lower value of 0.3. Similar 
tolerance index (0.4) was noticed for A. japonicus and 
A. nidulans. 
Following the tolerance study, the organisms were 
tested for their biosorption potential. Live and alkali 
pretreated biomass of the five Aspergillus species were 
used as biosorbent for the adsorption of lead metal 
ions. Concentration of lead nitrate solution tested was  
3 mM, 5 mM, 7 mM and 9 mM. The results are given 
in Table 3 which showed that with the increasing 
concentration of the lead metal solution, the 
biosorption of lead metal ion increased. In comparison 
to the live biomass of all five test fungal species, 
pretreated biomass found to perform better. 
The biosorption of lead was 2.46, 2.92, 5.21 and 
6.62 mg/g at 2 mM, 5 mM, 7 mM and 9 mM 
concentration respectively by live biomass of  
A. flavus. It was observed that 15.82, 16.85, 19.25 and 
20.52 mg/g lead biosorbed at 2 mM, 5 mM, 7 mM and 
9 mM concentration respectively by alkali pretreated 
biomass of A. flavus. The minimum and maximum 
biosorption of lead was 1.46 and 3.96 mg/g at 2 mM 
and 9 mM concentration by live biomass of A. 
japonicus. In the case of pretreated biomass, minimum 
and maximum biosorption was 12.87 and 19.43 mg/g 
at 2 mM and 9 mM concentration. Whereas, the 
minimum and maximum removal of test metal ion 
were 2.46 and 7.65 mg/g at 2 mM and 9 mM 
concentration respectively by live A. nidulans biomass, 
in case of pretreated biomass, the values were 18.25 
and 27.65 mg/g at 2 mM and 9 mM concentration 
respectively. It was observed that minimum and 
maximum removal of lead metal ion was 3.84 and 
16.42 mg/g at 2mM and 9mM concentration 
respectively by live A. niger biomass while in case of 
pretreated biomass, minimum and maximum metal 
uptake was 31.25 and 48.44 mg/g at 2 mM and 9 mM 
concentration respectively. On the other hand, the 
minimum and maximum removal of test metal ion 
were 1.84 and 4.42 mg/g at 2 mM and 9 mM 
concentration respectively by live A. sulphureus 
biomass while in case of pretreated biomass, minimum 
and maximum metal uptake was 13.25 and 18.85 mg/g 
at 2 mM and 9 mM concentration respectively. 
The present investigation indicated that pretreated 
biomass of A. niger showed maximum biosorption 
capacity and all values were higher than the live and 
pretreated biomass of other fungal species. Netpae
17
 
reported that the NaOH pretreated biomass of Humicola 
sp. have better biosorption potential in comparison to the 
untreated and acid-treated biomass. Javaid et al.
13
 also 
observed that the pretreatment of fungal biomass 
increases metal removal potentiality. Awofolu et al.
18
 
reported that the modified biomass of Aspergillus spp. 
can be utilized as a potent biosorbent for the elimination 
of metal ions from the aquatic system. Ilhan et al.
19
 
reported that physical and chemical pretreatment 
extensively increased the biosorption efficiency of 
fungal biomass for the lead and copper biosorption. Yan 
and Viraraghavan
20
 observed that pretreated biomass of 
Mucor rouxii efficiently adsorbed lead, cadmium, nickel 
and zinc metal ions. 
 
Conclusions 
Biosorption is an eco-friendly alternative for 
remediation of environmental health hazard. In the 
present study pretreated biomass of A. niger showed 
maximum biosorption capacity than the live and 
pretreated biomass of other fungal species. Hence,  
Table 2 — Lead tolerance index of test fungal species 
Fungal species Lead tolerance index (T.I) 
3 mM 5mM 7mM 9 mM 
Aspergillus flavus 0.6 0.5 0.3 NG* 
Aspergillus japonicus 0.7 0.6 0.4 NG 
Aspergillus nidulans 0.5 0.4 0.4 NG 
Aspergillus niger 0.9 0.7 0.5 NG 
Aspergillus sulphureus 0.6 0.5 0.3 NG 
*NG indicates no growth (At 9 mM concentration of lead nitrate) 
 
Table 3 — The biosorption of lead metal ions by live,  
and alkali pretreated biomass of A. flavus, A. japonicus,  
A. nidulans, A.niger and A. sulphureus 
 Lead ion removal (mg/g) 
 3mM 5mM 7mM 9mM 
A. flavus     
NaOH pretreated fungal biomass 15.82 16.85 19.25 20.52 
Live Fungal Biomass 2.46 2.92 5.21 6.62 
A. japonicus     
NaOH pretreated fungal biomass 12.87 13.51 15.48 19.43 
Live Fungal Biomass 1.46 2.41 3.05 3.96 
A. nidulans     
NaOH pretreated fungal biomass 18.25 23.25 25.82 27.65 
Live Fungal Biomass 2.46 3.46 5.52 7.65 
A. niger     
NaOH pretreated fungal biomass 31.25 37.68 46.42 48.44 
Live Fungal Biomass 3.84 5.67 24.86 16.42 
A. sulphureus     
NaOH pretreated fungal biomass 13.25 15.82 17.84 18.85 
Live Fungal Biomass 1.84 2.26 3.15 4.42 
 




A. niger can be a potential agent for biosoption of lead 
from aquatic environment as well as for treatment of 
wastewater. The metal uptake capacity of biological 
material becomes quite useful after the physical and 
chemical pretreatment in comparison to the non-treated 
biomass because the more metal-binding site is exposed 
after pretreatment. The pretreated biomass significantly 
removes the metal ion contaminants and pollutants from 
the aquatic environment. The processes of biosorption 
and bioaccumulation have been proved as economical, 
low cost and efficient methods and these can efficiently 
remove the minute concentration of heavy metals in 
comparison to conventional methods.  
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